Background: Assembled virus-like particles (VLPs) without genetic material, with structure similar to infectious virions, have been successfully used as vaccines. We earlier described in vitro assembly, characterisation and tissue specific receptor dependent Clathrin mediated entry of empty HEV VLPs, produced from Escherichia coli expressed HEV capsid protein (pORF2). Similar VLP's have been described as a potential candidate vaccine (Hecolin) against HEV.
Findings
VLPs inherit most of the properties of parent virus, like capability of self-assembly into organised structure, specific interaction with nucleic acid/protein, and cell-specific entry. These replication-deficient, non-infectious, nano-structured particles can be useful if they can effectively deliver therapeutically useful nucleic acid, drug, targeting peptide or a conjugated imaging molecule.
We had described generation of HEV VLP's from Escherichia coli produced capsid protein [1] . Transmission electron microscopy (TEM) and nanoparticle tracking analysis (a rapid and direct NTA technique for real-time visualization of nanoparticles in liquid) showed HEV VLP's as uniform particles of ~30-35 nm in size, consistent with the size of infectious HEV virions. The specificity of HEV-VLP binding and entry into the liver cells was demonstrated using reporter linked fluorescent VLP's [1] . Similar bacterially generated VLPs (HEV 239) have been licensed as a potential candidate vaccine (Hecolin) against HEV in China [2] [3] [4] .
Here, we investigate whether (1) empty VLPs of HEV could encapsidate heterologous RNA fused with encapsidation signal and deliver the exogenous RNA in a cell specific manner as a nanocarrier? (2) Can the foreign gene be translated from delivered chimeric RNA? and (3) If injected to animals, can the RNA-VLP complex induce immunity to both the carrier HEV capsid protein and the protein expressed from delivered RNA? To study the above possibilities, we generated a chimeric RNA where reporter/antigen producing gene/coding sequence (RFP/ Open Access *Correspondence: subrat@gmail.com Department of Pathology, All India Institute of Medical Sciences, Ansari Nagar, New Delhi 110029, India HBsAg) is fused in-frame with the HEV 5′ RNA region containing cap and encapsidation signal.
Encapsidation of HEV-VLPs with in vitro transcribed RNA
Based on RNA secondary structure prediction software (mfold), it was found that HEV 5′-end [which contains 5′ non-coding region (NCR) of HEV (1-28 nt) and initial coding region of ORF1 (29-249 nt)] bears three stemloop structures viz. SLI (165-177 nt), SLII (179-210 nt), and SLIII (213-231 nt) (Figure 1 ). These stem-loop structures are possibly responsible for interaction with HEV capsid protein. SLI and SLII are particularly important as similar structures (165-206 nt) are known to be conserved among most of the alphaviruses such as Sindbis, semliki Forest and Highlands J virus [5] . SLIII on the other hand, is not absolutely essential but may function to enhance the interaction of RNA with HEV capsid protein. We observed that the arrangement of HEV stemloop structures SLI (165-177 nt) and SLII (179-210 nt), remained conserved even after in-frame fusion with foreign RNA (RFP/HBsAg), indicating their formation and stability in chimeric RNA (Figure 1) .
The capped RNA transcripts with poly(A) tail Figure 2A ) were produced by T7 RNA polymerase (from their respective pGEMT easy-DNA constructs, Figure 2A ) using mMessage mMachine T7 Ultra Transcription kit (Ambion) according to the manufacturer's instruction and the integrity of synthesized RNA was checked on 5% urea-acrylamide gel (Figure 2B , C). The HEV, pORF2 and N-terminal (Δ1-112aa) deleted pORF2 VLPs were synthesized as described earlier [1] , and encapsidated separately with different heterologous RNA molecules using direct interaction method [6] . After the packaging of RNA, HEV-VLP complexes were treated with RNase A to degrade the unpackaged RNA.
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Internalization of HEV-RNA-VLP complex into the cultured cells
To ascertain the feasibility of synthetic VLPs as a vehicle for nucleic acid delivery, we checked the expression of protein encoded from packaged foreign RNA ( and 45 and blood samples were collected on days 10, 21, 28, 35, 41, 48 and 52. Sera were screened by ELISA, as previously described [8] , for the presence of antibodies, both towards HBV surface antigen protein and HEV pORF2. Blood samples from four unimmunized mice served as negative controls in ELISA. Antibody against HBsAg as well as HEV capsid protein were detected in the immunized mice. The experimental mice showed maximal titer of anti-HBsAg and anti-pORF2 antibody on 41 and 48 days, respectively. (Figure 4a , b). Significant increase (**p < 0.01, t test) in antibody titre was observed for both anti-pORF2 and anti-HBsAg antibodies in immunised mice, as compared to un-immunized control mice. Humoral immune response could be raised against both HEV pORF2 (monomeric unit of VLPs) and HBsAg protein (expressed from delivered hetrologous RNA), indicating the acceptance and processing of VLP-RNA complex as an effective antigen by host immune system. To our knowledge, this is the first direct demonstration of use of synthetic HEV VLPs for delivering RNA coding for a protein that acts as a potential immunogen in vivo. 
